Background Uganda currently has no organized prehospital emergency system. We sought to measure the current burden of injury seen by lay people in Kampala, Uganda and to determine the feasibility of a lay first-responder training program. Methods We conducted a cross-sectional survey of current prehospital care providers in Kampala: police officers, minibus taxi drivers, and Local Council officials, and collected data on types and frequencies of emergencies witnessed, barriers to aid provision, history of training, and current availability of first-aid supplies. A context-appropriate course on basic first-aid for trauma was designed and implemented. We measured changes in trainees' fund of knowledge before and after training. Results A total of 309 lay people participated in the study, and during the previous 6 months saw 18 traumatic emergencies each; 39% saw an injury-related death. The most common injury mechanisms were road crashes, assault, and burns. In these cases, 90% of trainees provided some aid, most commonly lifting (82%) or transport (76%). Fifty-two percent of trainees had previous first-aid training, 44% had some access to equipment, and 32% had ever purchased a first-aid kit. Before training, participants answered 45% of test questions correctly (mean %) and this increased to 86% after training (p \ 0.0001). Conclusions Lay people witness many emergencies and deaths in Kampala, Uganda and provide much needed care but are ill-prepared to do so. A context-appropriate prehospital trauma care course can be developed and improve lay people's knowledge of basic trauma care. The effectiveness of such a training program needs to be evaluated prospectively.
disease, with road traffic crashes, in particular, on the rise [1] . By 2030, road traffic crashes are predicted to be the eighth-leading cause of death and fourth-leading cause of disability-adjusted life years worldwide [2, 3] . Currently, more than 90% of road traffic injury deaths occur in developing countries [4] [5] [6] where approximately 80% of injury deaths occur in the prehospital setting [7] . This disproportionate burden is projected to increase as developing countries rapidly urbanize and motorize without associated improvements in injury prevention and control [8, 9] .
Trauma system development in high-income countries has reduced preventable deaths, including those from road traffic injuries, by 50% in recent decades [10] . It is estimated that improved trauma systems in low-and middleincome countries could avert one to two million deaths in severely injured patients [7] . However, injury research in low-income countries, particularly intervention-based research, has been grossly neglected in the global public health arena.
Uganda, like many other low-and middle-income countries, suffers from a severe injury epidemic. The 1995 national burden of disease study showed that injury was among the top six causes of death in more than half of the districts studied [11, 12] . Within the capital city of Kampala, Uganda's national referral hospital, Mulago Hospital, handles many more injured patients than any other health facility in the country. Approximately 6,000 injured patients are treated there every year [12] . However, based on community surveys from other urban sub-Saharan African settings, an estimated 4,000 patients do not reach the hospital [13] . As many as 90% of the injured patients who reach Mulago Hospital are mildly injured, which suggests that severely injured patients are unable to access emergency care [14] .
Despite this great need for emergency care and substantial evidence to support trauma system development, Kampala has no formal prehospital emergency system. Injured patients arrive at the hospital by any means possible: car, motorcycle, minibus taxi, police vehicle, or on foot. Figure 1 depicts the manner by which most patients arrive at the hospital when transported by the police. Less than 5% arrive by ambulance because few exist and these are mostly privately owned and prohibitively expensive. Furthermore, one in three patients arrive at Mulago beyond the first hour after the injury, the ''golden hour,'' during which expedient treatment would greatly increase survival [12] . Currently, prehospital care is given on a voluntary basis, by police or minibus taxi drivers in road-related emergencies and community leaders, called Local Council officials, in emergencies near the home. However, little is known about the burden of emergencies in Kampala and the capacity of this ad hoc network of lay first-responders to provide such care.
In settings where formal emergency systems are absent, the World Health Organization's (WHO) Essential Trauma Care and Prehospital Care guidelines recommend training lay people as first-responders [15, 16] . These recommendations, also endorsed by the World Bank, are primarily based on evidence from first-aid provided by villagers in conflict-ridden Northern Iraq, Cambodia, and urban Ghana [17] [18] [19] [20] . Lay first-responder training, implemented in Ghana, showed encouraging results for feasibility in the African setting [19] .
We hypothesized that lay people in Kampala encounter and provide care for a substantial burden of emergencies, particularly trauma, despite many challenges. We also hypothesized that it is feasible to design and implement a simple context-appropriate lay first-responder training program that improves lay people's knowledge of prehospital trauma care.
Methods
To measure feasibility, we sought to determine whether a context-appropriate course could be designed by stakeholders, whether the course was relevant to trainees based on their experiences, and whether fund of knowledge would improve with training. We developed a modified basic first-aid curriculum for the Ugandan context based on the Ghanaian course [19] and planned to enroll 300 Ugandan police officers, taxi drivers, and Local Council officials in the training program. Institutional Review Board approvals were obtained at the University of California, San Francisco, Mulago Hospital, and the Uganda National Council of Science and Technology for this study.
Stakeholders
To assess interest in the study, meetings were held with leaders of groups who currently plan health services and those who provide prehospital care in Kampala. These included the Kampala Police Department, the Local District Government, and the Taxi Operators and Drivers Association, as well as the Injury Control Center-Uganda, the Ministry of Health, the Kampala City Council Department of Health, and physicians from Mulago Hospital. All groups uniformly supported the need for such a study. The Ugandan Red Cross and selected Certified FirstAid Trainers participated in these discussions and in conduct of the study.
Participants
Previously published data on injury patterns in Kampala indicate that 58% of injuries occurred on the roads and 29% in or near the home [12] . Based on this injury distribution, trainees were sought from the police, minibus taxi drivers, and Local Council officials by convenience sampling to ensure that participants who were identified by their supervisors as most likely to engage in prehospital trauma care were recruited. Local council members work at the grassroots community levels. They take charge of local administration, keeping law and order, defense, healthcare, and self-help initiatives, and they live among the people they lead. Often they are village elders, opinion leaders, or the enlightened. There are five local council (LC) levels as follows: village (LC I), subparish (LC II), parish or division (LC III), county (LC IV), and district (LC V). LC Is were included in this study. All study participants gave informed consent before taking part in the study.
Setting
This study was conducted in Kampala (population: 1.2 million, area of 80 square miles [21] ) where the most common languages are English and Luganda. A catchment area was defined encompassing four of the five administrative divisions in Kampala (within 20 square miles of Mulago Hospital). The fifth division was excluded because of its high density of hospitals that provide emergency care, although fee-for-service. The five government-run Health Centers (community clinic equivalents) in the catchment area were sensitized about our study. Brief needs assessments were conducted to understand the staffing and resources available to treat emergencies at these clinics as well.
Study design

Cross-sectional survey
To determine the current burden of emergencies encountered by trainees, a cross-sectional survey using semistructured one-on-one interviews was conducted before training. Data were collected on types of emergencies and deaths witnessed by trainees, frequency and modes of intervention, barriers to intervention, baseline first-aid knowledge, previous training, and current access to first-aid equipment. The survey questionnaire was developed in English and Luganda by study investigators and pilot-tested twice (Table 1) . Additionally, all trainees were asked to describe in narrative form the last emergency that they encountered.
Training course curriculum and format
Until recently, first-aid courses available in resource-constrained settings were based on courses in high-income countries and included topics such as cardiopulmonary Confidence at providing first-aid at baseline (before course) resuscitation (CPR), which are unlikely to be effective in these settings. For the Ugandan context, we modified the Ghanaian basic first-aid curriculum based on our understanding of the challenges to current prehospital care provided in Kampala and the perceived field utility of skills (Table 2) [18]. Key areas included scene management, immediate care, and transport. The curriculum covered universal precautions, primary survey, scene management, bleeding control, airway control, recovery position, safe lifting and transportation of injured victims, and splinting fractures. Triage training was provided to minimize the number of minor injuries brought to an already congested emergency department at Mulago Hospital and to increase the major emergencies brought to Mulago instead of the Health Centers. Training did not include CPR because it was unlikely to be effective in this context due to resource constraints, and it would potentially expose lay people to unnecessary infectious risks. Slight modifications to the curriculum reported in Ghana included the use of a tarpaulin to transport patients, specific emphasis on positioning patients in police (trucks) and commercial vehicles, specific emphasis on use of cardboard for splinting, and less emphasis on extrication in the Ugandan course. As the following describes, we provided a kit in this course, which was not provided in the Ghanaian course. The 1-day course was conducted in English for the police and in Luganda for the taxi drivers and Local Council officials and was held five times. Each day had a didactic component given by JRM and five hands-on training sessions led by local Ugandan Red Cross Certified First-Aid Instructors and physicians (DO, ML, JRM, CM, RW). The course required minimal literacy skills because the didactic session was limited to 1 hour and slides from this session were distributed and were primarily pictographic, and this was a highly interactive session. In addition, several short instructional videos were used to demonstrate skills, such as bleeding control and use of the recovery position. Those who were unable to read the slides were assisted by interpreters. There was no required reading material for the course, and the five hands-on skill sessions composed the majority of the course. The taxi drivers also attended a session on safe driving practices given by their supervisors. The class size was kept to 50 to 100 trainees to facilitate hands-on training. All training materials were simple and easily obtainable in Kampala. To obtain course certification, trainees had to demonstrate competence at every station to the instructor.
Fund of knowledge was assessed before and after the course in the appropriate language using five multiplechoice questions covering the core areas of scene safety, bleeding control, airway evaluation, recovery position for unconscious patients, and safe transportation (Table 3) . This questionnaire was developed by study investigators, stakeholders, and trainers and was further refined through Table 2 Challenges to emergency care in Kampala Scene • Police cannot leave the scene of a road traffic crash
• Police do not allow anyone who was involved in situation to leave the scene
• Police frequently do not allow victims to be taken to medical facilities until after the crash investigation
• Many lay people do not assist in emergencies for fear that they will be implicated in the crime and that police will arrest them • Lack of a call system-all emergency calls go to police who do not have an ambulance service or training beyond basic first-aid
Immediate care
• Police state they would not handle patients without gloves
• There is no access to first-aid kits and materials for police in-depth interviews with members of each of the three training groups. Subsequently, the questionnaire was pilot tested with a random selection of 10-15 members of each of the three training groups. The same questionnaire was administered on the morning before and at the conclusion of the course. Before the adjournment of the course, the correct and incorrect answers to the questions were reviewed as a group. The five 45-min skill sessions each respectively covered 1) scene safety and universal precautions, 2) bleeding control, 3) airway management and the recovery position, 4) splinting, and 5) safe moving, rudimentary triage principles, and safe transportation. The skills sessions were organized in small groups of 10-15 trainees with a pair of the local Ugandan Red Cross Instructors and one of the study physicians leading each session. Trainees were each required to demonstrate the respective skills with equipment from the kits that were provided to each of the trainees at the end of the course. For example, at the universal precautions station, trainees practiced using gloves and protection from blood and body fluids; at the bleeding control station trainees practiced applying pressure dressings with gauze and triangular bandages; they practiced moving patients into the recovery position at the airway station; they splinted arms and legs with cardboard boxes at the splint station; and they moved each other from an injury scene to the vehicle using a tarpaulin at the moving station. At every skills station, only the equipment provided in the kits was used to maximize trainees' familiarity with the equipment that they would be provided with at the end of the course, and at each station skills from other stations were integrated.
After completing the course, each trainee received a certificate of completion, a custom-made arm band, an identity card, and a placard, with quick tips, to place on their transport vehicles (Fig. 2) . These measures were used to give trainees credibility in society as they performed first-aid in the field because they are not known as medical professionals, and to make them easily identifiable to the general public.
Training course supplies and costs
Each participant received a first-aid kit and instructions on how to contact the study team to replenish the kit. Each kit was a 1.5-9 1-9 1-foot duffel bag with 20 pairs of gloves, gauze, cotton, two triangular and two crepe bandages, medical tape, cardboard for use as splints, a reusable piece of tarpaulin for use as a modified stretcher, and bleach to clean the tarpaulin after each use. All items, including the bags, were purchased and assembled locally. Participants were taught how to use each item appropriately and effectively. The cost of each kit was $16 (materials: $13, bag: $3; UGX 25,600) and was less than one quarter of the cost of commercially available first-aid kits in Kampala, which range from $62.50 to $187.50 (UGX 100,000 to 300,000). The total cost of the 5 courses offered to the 307 trainees, inclusive of kits, was approximately $8,300 or 
Statistical analysis
Descriptive analysis was done for the cross-sectional survey. Odds ratios and 95% confidence intervals were calculated as appropriate. Paired t tests were used to compare fund of knowledge tests before and after training. v 2 tests and logistic regression were used to conduct subgroup analyses. All analyses were done using Stata version 10 (College Station, TX, 2007). Based on the results of the cross-sectional survey, the Local Council officials and minibus taxi drivers were similar with respect to their ability to help in emergencies, history of training, and access to first-aid equipment. These groups were grouped to increase the power of comparative analysis, and subgroup analysis was conducted to evaluate the effect of being a police officer on all outcomes.
Results
Of the 309 trainees who participated in the study, 87% were men and the most common age group was 26-35 years (39%). The largest cohort was police officers (57%), followed by taxi drivers (30%) and local government officials (13%). Overall, 33% had been working in their current jobs for more than 10 years and 26% reported having started their current jobs within the last year. Most participants (87%) had some secondary education, but the reported range varied from none (1%) to advanced, postsecondary education (34%).
Emergencies witnessed by study trainees and current ability to provide emergency care
Characteristics of the trainees, their function, and selected descriptions of their experiences are outlined in Tables 4  and 5 . Trainees reported witnessing an average of 18.4 traumatic emergencies each during the previous 6 (median, 11) months. The most common were road crashes, assault, burns, and falls. Trainees mostly saw 1-5 road crashes per person (47%, n = 142), although 6% saw more than 20. In traumatic emergencies, 90% reported providing some assistance. Of 236 trainees responding, 39% reported witnessing an injury-related death, most of whom saw 1-5 deaths each.
The most common medical emergencies witnessed were people who were unconscious, febrile, or had pregnancyrelated problems. More than 70% of trainees had seen at least one medical emergency in the past 6 months, and 90% of all trainees had provided some help in such an emergency. Of 164 trainees who reported witnessing medical emergencies, 26% had seen a death related to one of these medical conditions in the last 6 months, with most seeing 1-5 deaths each.
Ninety trainees (32%) had ever purchased a first-aid kit with 53% (n = 42) reportedly spending more than $6.25 (UGX 10,000) per kit. Of the 208 who had not bought a kit, they were willing to pay $3.125 to $6.25 (median, UGX 5,001-10,000) per kit, which is less than the cost of the study kit ($16).
Fund of knowledge of trainees before and after first-aid course
Fund of knowledge scores increased from 45% correct (mean score, 2.2 ± 1.18 (SD)) before training to 86% (4.3 ± 0.94) after training (n = 219 pairs; p \ 0.0001). Significant improvements were seen for every question. The greatest were in recovery position (28-96%) and safe transportation (31-87%), which are encouraging because protecting the airway and not causing road crashes en route to the hospital may be lifesaving (p \ 0.0001).
Understanding of bleeding control increased the least (36-74%), although it was still significant.
Subgroup analyses
The police were 3.6 times more likely to have completed more years of school than the other trainees (p \ 0.0001). In addition, based on self-reports, police trainees were 9.2 times more likely than the others to provide any help at the scene of an emergency, 3.7 times more likely to have previous first-aid training, but 6.3 times less likely to have access to a first-aid kit (Table 6 ). After training, the police were likely to score higher on the fund of knowledge test compared with the other trainees and had 3.8 times the odds of answering all questions correctly compared with others. Emergencies witnessed by 309 participants during previous 6 months Most common traumatic emergencies seen:
In these situations, 90% of trainees reported stopping to provide some assistance.
Most common nontraumatic emergencies seen:
More than 90% of trainees had stopped to provide some help in such an emergency. Current prehospital care and barriers to provision Most common aid given:
Lifting/moving 82%
Transport to hospital 76%
Main concern when aid was not given:
• Lack of equipment 44% • Lack of knowledge 37%
Current capacity Previous first-aid training 52%
Previous access to equipment 44%
Ever purchased a first-aid kit 32% Spent more than UGX 10,000 ($6.25) on kit 53%
Median willingness to pay per kit UGX 5,001-10,000 ($3.125-$6.25)
Discussion
Lay people currently witness many emergencies and deaths in Kampala and provide much-needed prehospital emergency care despite being grossly ill-equipped to do so. Our study indicates that a context-appropriate first-aid course can be developed to provide basic training in prehospital trauma care for this population. This is supported not only by the results of the surveys, but also by the narratives provided by all trainees. As one of the first attempts to describe the impact of rapid urbanization and motorization on emergency medical needs in Kampala, our study fills a critical gap in the understanding of injury epidemiology and the informal provision of prehospital services. Our findings have several major implications for policymakers and donor organizations financing health care in Uganda. There is a clear need for a more organized prehospital emergency medical system (EMS) in Kampala based on the numbers of emergencies and deaths encountered by lay people. However, training and supplies were not available to many: only 52% of trainees had ever had first-aid training, 44% had access to some first-aid materials, and few were willing to pay much for first-aid supplies. The police were more likely to be trained in first-aid but less likely to be equipped to use their first-aid skills. In contrast, taxi drivers who were mandated by law to carry first-aid supplies in their vehicle were less likely to be trained to use them. Addressing this inefficiency alone could substantially increase the effectiveness of informal lay first-responders in Kampala. Additionally, the increases in fund of knowledge after our course were encouraging overall and particularly significant for the police trainees. Because the police have, on average, completed a higher level of education than the taxi drivers, this was expected to some degree and suggests that the course could potentially be slightly modified in the future depending on the target group.
The critical step to making our program feasible and relevant to participants was a series of meetings with the multidisciplinary group of stakeholders. These meetings identified the greatest current challenges to prehospital trauma care in Kampala (Table 2) , which allowed us to Table 5 Selected descriptions of the most recent emergency witnessed by trainees before the training course ''The emergency I encountered, a car over turned and people got injuries; two broke their hands and what I did was to get sticks and I put back the bones together after which I tied the sticks around the broken hands and then I took them to a nearby hospital.'' ''I was going to Mbarara and I met an accident. A bus that was coming from Mbarara going to Kampala had crashed, but because I did not know anything, I just carried two victims, put them in my car and took them to Mbarara hospital without any first-aid. I thought I knew something but in actual sense I did not know anything.'' ''I found a boda [motorbike] that had knocked a child… I stopped and carried the child to side of the road then I checked whether it was breathing and it was breathing but it had a wound on the head, so I got cotton and iodine from my first-aid kit and washed the wound and I tied [it] with plaster [medical tape]. After I took the child to Mulago and they wanted to detain me but I explained to them that it was not me who knocked him, it was the boda.'' ''I met an accident and on this day I faced a problem: I was helping these people but police detained me ''A vehicle knocked a motorcycle, we came to help, but one person had died and the other one had blood coming out of him. We made him lay down on his stomach, and when blood stopped coming, we took him to a hospital.'' ''I was home and a young boy was playing. When he was running he fell near a charcoal store and there was boiling beans. So what I did, I run quickly and applied oil and sugar on the injured part, then after we got a boda and rushed him to Rubaga hospital.'' Limitations of our study include selection and information bias and validity of the training program. The experiences of study subjects may not be truly representative of all members of the three target cohorts because we used convenience sampling. In addition, recall and interviewer bias may have contributed to over-reporting of witnessed emergencies and care that is provided. The course content has not been previously validated in this setting. Topics were modified from previously reported curricula, which had been adapted from validated Red Cross first-aid courses [19] . Our modifications may affect the validity and generalizability of this course to other settings. Based on our findings, more emphasis on bleeding control is needed in future courses. Additionally, our assessment of the need for specific supplies may be flawed. The contents of the first-aid kit were identified based on perceived utility in the field and from stakeholders' experiences (e.g., lack of gloves significantly deters police from providing emergency aid) because there are no published reports on what an effective first-aid kit in a resourceconstrained setting should contain. Finally, the five-question fund of knowledge test was not tested for all aspects of validity. Thus, it may not have captured our trainees' true understanding of basic first-aid for trauma or may have been too brief to reflect this knowledge. Nonetheless, we feel that the questionnaire covered key content areas as determined by investigators and stakeholders and that the preliminary validation done for this pilot course was adequate to draw possible conclusions of key knowledge deficits. We plan to more formally validate this initial instrument in future evaluations.
Despite the above limitations, our study leaves several areas open to further research. First, effectiveness and impact of the course need to be measured prospectively. Knowledge retention may be an important issue when trainees have no baseline medical background. Fund of knowledge tests and refresher trainings need to be conducted to evaluate and aid retention. The need and method for restocking supplies is another important issue. We are in the process of prospectively following this trained cohort to assess knowledge retention, skill use, and confidence and plan to evaluate the effectiveness of this intervention. Additionally, measuring the impact of training programs such as this on morbidity and mortality at the population level is critical for policy-makers but requires a larger and more robust study. Further research on this question could build a stronger case for prehospital emergency services. We plan to disseminate these results locally through all stakeholders and the Ministry of Health, as well as internationally. Funding from public sources as well as donor partners, along with private sources will be sought to expand and sustain the program.
Second, the injury epidemiology that we reported needs to be cross-checked with facility-and population-based data. This will help to determine the magnitude of preventable prehospital deaths as well as help to define the best ratio of first-responders to population, which is not clear at this time. The WHO estimates, based on data from a conflict setting, that as many as 7,500 lay first-responders should be trained for every one million people; however, the applicability of these figures to nonconflict contexts is unclear [20, 22, 23] .
Most importantly, good trauma care is not a substitute for effective injury prevention. Organizations, such as the Injury Control Center -Uganda, need more support from the government and the global donor community to engage in research activities on injury prevention and control so that many of these questions can be answered at the local level.
Conclusions
The lack of formal prehospital emergency services in Kampala, Uganda is an important and grossly neglected issue. Lay people bear much of the burden of providing care on the scene, despite having little formal training or equipment to do so. This study shows that a contextappropriate, 1-day, basic first-aid course for lay people can be developed and implemented in this setting. The knowledge and skills acquired from such a course, coupled with locally available supplies, may form a useful first step toward formalizing emergency medical services in Kampala.
